Report  of  Discussion  on  Mr.  Shaw’s  paper ,  u  Ventilation  as 
a  Dynamical  Problem”  delivered  at  an  ordinary  meeting 
of  the  Society ,  on  February  6th,  1902,  at  the  Medical  Rooms , 
Ghctndos  Street ,  W. 


The  President,  in  opening  the  discussion,  said  the  paper  was  extremely 
interesting.  The  subject  was  a  large  and  complicated  one,  and  he  did 
not  intend  to  intervene  in  any  way  between  Mr.  Shaw  and  those  who 
were  prepared  to  discuss  the  paper.  He,  however,  ventured  to  call 
attention  to  the  fact  that  the  discussion  was  on  the  Ventilation  of 
School  Buildings,  with  special  reference  to  its  application  to  existing 
buildings  ;  and  speakers  were  asked,  as  far  as  possible,  to  give  the  meet¬ 
ing  the  advantage  of  their  actual  experience  of  systems  of  ventilation, 
how  they  have  failed  or  succeeded,  and  general  opinions  on  the  whole 
subject. 


Dr.  Childs  said  they  were  all  very  much  indebted  to  Mr.  Shaw  for 
his  interesting  paper,  which  had  given  them  a  great  deal  to  think 
about.  Not  only  were  they  indebted  to  him  on  this  occasion,  but  also 
for  having  placed  the  whole  subject  of  ventilation  on  a  scientific  basis, 
and  on  a  far  higher  platform  than  they  were  usually  accustomed  to 
adopt  in  discussing  this  very  complicated  question.  Mr.  Shaw  has 
shown  definitely,  and  has  emphasised  the  fact,  that  the  movement  of 
all  air  currents  is  regulated  by  given  physical  laws.  He  has  shown 
that  it  is  not  simply  a  question  of  sticking  on  some  patent  cowl  or 
similar  apparatus  to  bring  about  a  complete  and  efficient  system  of 
ventilation.  He  hoped  that  the  members  of  the  Association  might 
be  able  to  make  observations  on  their  own  account  with  regard  to 
ventilation  in  public  schools.  The  Association  can  really  do  nothing 
more  useful  at  the  present  time  than  to  obtain  the  results  of  observations, 
and  draw  up  certain  rules  which  will  be  useful  to  all  of  them  in  deciding 
the  practical  details  of  ventilation.  They  were  asked  that  afternoon 
to  discuss  the  question  from  the  public  school  point  of  view,  more 
particularly  with  regard  to  buildings  which  have  been  already  con¬ 
structed.  The  question  of  ventilation,  as  has  been  pointed  out,  is 
generally  the  last  matter  thought  of  in  the  construction  of  a  building. 
Unfortunately,  the  ventilation  and  lighting  and  warming  of  buildings 
are  hardly  ever  considered  together  or  by  the  same  individual.  Most 
deplorable  of  all,  the  medical  officer  of  the  school  is  the  last  person  the 
authorities  consult.  Ventilation  arrangements  are  generally  left  to 
the  architect,  with  the  result  that  the  necessary  alterations  which  the 
medical  officers  request  have  to  be  made  subsequently  at  great  expense. 
Before  constructing  school  buildings,  ventilation  should  receive  its 
due  consideration,  and  the  medical  officer  of  the  school  should  be  con- 
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suited  with  regard  to  the  requirements  in  this  respect.  In  discussing 
public  school  buildings  they  would  have  to  consider  especially  the 
ventilation  of  dormitories,  classrooms,  chapels,  and  studies.  He 
noticed  that  Mr.  Shaw  had  not  mentioned  the  subject  of  cubic  space. 
Presumably,  this  had  been  because  there  is  nothing  more  to  be  said  about 
the  matter.  They,  however,  were  conscious  that  authorities,  or  reputed 
authorities,  differ  a  good  deal  with  regard  to  this  subject  of  cubic  space. 
Speaking  in  a  general  way,  one  has  to  admit  that  in  public  schools,  the 
cubic  space  of  classrooms  and  dormitories  is  often  far  below  what  it  ought 
to  be.  He  hoped  for  an  expression  of  opinion  from  Mr.  Shaw  and 
others  who  have  studied  the  subject  as  to  what  should  be  really  the 
minimum  cubic  space  in  classrooms,  dormitories  and  studies.  When 
he  wxas  medical  officer  of  a  school  he  had  laid  down  as  a  rule  that  the 
minimum  allowable  for  dormitories  should  be  750  feet,  but  the  minimum 
desirable  should  be  1,000  feet.  They  should  get  1,000  feet  if  they 
possibly  could,  but  750  feet  should  be  the  lowest  allowable.  He  was 
afraid  that  even  the  minimum  allowable  is  rarety  obtained  in  the 
majority  of  our  public  schools.  Turning  to  the  classrooms,  the  Board 
School  minimum  is  10  square  feet  of  floor  area.  That  means  practically 
120  to  130  cubic  feet.  What  is  the  minimum  that  should  be  aimed  at 
in  regard  to  this  floor  area  in  order  to  secure  proper  ventilation  in  the 
classrooms  of  our  public  schools  ?  With  regard  to  the  method  of 
ventilation  of  schoolrooms,  his  observations  had  been  chiefly  in  con¬ 
nection  with  the  ventilation  of  Board  Schools.  He  had  an  opportunity 
of  investigating  the  conditions  of  ventilation  in  a  considerable  number 
of  Board  Schools  in  Scotland  and  in  Leeds,  together  with  some  Board 
Schools  in  London.  The  conclusion  he  had  come  to  was  that  for  schools 
of  this  class  the  Plenum  system  is  far  better  than  any  other  system  that 
has  been  hitherto  contrived,  such  as  a  thermal  or  natural  system. 
It  was  to  be  hoped  that  they  would  hear  from  Dr.  Glover  Lyon  some¬ 
thing  about  his  means  of  distributing  the  air  by  a  combination  of 
graduated  inlets  and  outlets,  and  the  Plenum  and  exhaust  systems. 
He  noticed  that  Miss  Ravenhill,  who  had  been  in  America,  was  present, 
and  possibly  she  would  be  able  to  give  them  some  useful  information  : 
for  instance,  the  air  in  the  schools  of  America  was  maintained  at  a  much 
higher  temperature  than  is  the  case  in  this  country.  There,  70  degrees 
F.  was  the  average.  In  concluding,  Dr.  Childs  expressed  the  hope 
that  the  meeting  might  be  the  beginning  of  a  real  practical  study  by 
the  Association  of  a  very  complicated  but  important  subject  connected 
with  our  public  schools. 

Miss  Alice  Ravenhill  said  that  her  study  of  schools  in  America 
had  been  so  compulsorily  limited  by  the  wide  scope  of  the  commission 
entrusted  to  her  that  she  could  not  contribute  very  much  to  the  dis¬ 
cussion.  She  had  been  impressed  by  the  large  allowance  of  cubic 
space  (250  cubic  feet)  which  appeared  to  be  the  usual  allowance  in 
all  new  schools  in  the  United  States.  The  Plenum  system  of  ventilation 
is  looked  upon  almost  as  a  necessity  for  all  large  schools,  or  rather  a 
combination  of  the  Plenum  with  the  vacuum  system.  The  liest  authori¬ 
ties  on  school  hygiene  agree  that  where  air  has  to  be  propelled  through 
shafts  of  considerable  length,  and  then  passed  through  a  large  room 
and  up  an  extract  shaft,  propulsion  alone  is  insufficient  to  ensure 
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satisfactory  circulation.  The  loss  of  momentum  through  friction 
and  other  causes  must  be  made  good  by  the  provision  of  some  mechanical 
aspirating  power  in  connection  with  the  main  extract  shaft.  As  a  result 
of  this  opinion,  she  found  small  aspirating  fans  fixed  in  the  extract 
shafts  of  the  best  schools  to  supplement  the  work  of  the  large  propelling 
fan.  An  excellent  point  in  connection  with  this  combination  method 
of  ventilation  is  that  windows  can  be  opened  in  any  part  of  the  building 
without  interfering  with  the  successful  working  of  the  system.  This 
is  not  allowable  where  the  Plenum  system  alone  is  installed,  as  the  air 
must  enter  rooms  under  a  slight  pressure,  with  which  the  opening 
of  even  one  window  interferes.  She  found  her  own  opinion  shared, 
viz.,  that  the  effect  on  young  people  of  attending  schools  where  the 
windows  are  hermetically  sealed  is  unsatisfactory.  Teachers  rarely 
take  the  trouble  to  explain  how  ventilation  is  secured,  and  the  children, 
accustomed  to  the  sight  of  closed  windows,  lose  useful  training  in 
hygienic  habits.  Another  objection  is  also  raised  to  the  adoption 
of  the  pure  Plenum  system :  there  are  very  few  buildings  which  are 
not  the  better  for  free  flushing  at  intervals  by  currents  of  air  through 
open  doors  and  windows,  but  this  is  an  impossibility  where  windows 
are  not  made  to  open. 

A  decided  opinion  is  held  by  some  U.S.A.  experts  that  certain  sensa¬ 
tions  of  draught  experienced  in  mechanically  ventilated  buildings  might 
be  obviated  if  two  or  more  smaller  outlets  were  provided  in  each  room, 
instead  of  one  large  one  as  is  now  usual.  This  is  a  point  she  would 
very  much  like  to  hear  discussed.  She  had  had  no  opportunity  of 
observing  a  building  where  this  arrangement  has  been  adopted,  but 
she  did  know  several  mechanically  ventilated  schools  in  England 
where  there  is  a  very  perceptible  current  of  air  experienced  by  the 
scholars  sitting  in  line  with  the  one  outlet ;  especially  does  this  appear 
to  be  the  case  in  rooms  where  there  is  a  considerable  expanse  of  window 
on  the  opposite  side  from  which  the  air  enters.  The  air,  being  propelled 
into  such  rooms  at  a  considerable  velocity,  impinges  on  the  cold  surfaces 
of  the  large  windows  and  then  passes  in  a  very  chilled  state  up  the 
extract  shaft,  causing  such  discomfort  to  those  sitting  in  its  track,  that, 
in  order  to  mitigate  the  nuisance,  the  extract  shaft  is  often  temporarily 
closed  up,  thus,  of  course,  defeating  the  principle  of  the  system.  Another 
development  now  advocated  in  the  United  States  is  that  of  having 
several  small  inlets  as  well  as  more  than  one  outlet,  in  order  to  secure 
improved  diffusion.  It  is  thought  that  when  air  is  admitted  by  only 
one  large  opening,  it  passes  too  rapidly  to  the  opposite  side  of  the  room, 
and  suffers  from  unequal  distribution,  whereas  if  it  be  admitted  at 
several  small  inlets,  of  course,  all  at  the  same  level,  it  would  be  better 
diffused.  The  ultimate  economy  of  mechanical  systems  of  ventilation 
is  thoroughly  recognised  in  the  United  States,  and  that  view  is  supported 
in  the  cities  in  the  north  of  England  where  a  sufficient  length  of  time  had 
elapsed  since  installations  had  been  made  to  enable  authorities  to 
strike  averages.  All  evidence  pointed  to  the  fact  that  the  working 
expenses  of  these  systems  are  very  reasonable  indeed;  it  is  the  first 
installation  that  is  financially  costly. 

She  wished  to  ask  if  a  portion  of  the  draughts  so  often  complained 
of  by  the  occupants  of  mechanically  ventilated  rooms  is  not  possibly 
attributable  to  the  fact  of  the  air  entering  without  a  sufficient  admixture 
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of  humidity.  In  her  own  experience  in  the  North  of  England  (and 
she  heard  the  same  complaints  in  the  United  States),  when  the  air  out¬ 
side  has  had  its  temperature  very  much  raised  (say  40  to  50  degrees  F.), 
and  is  insufficiently  humidified,  it  causes  such  rapid  evaporation 
from  the  bodies  of  the  occupants  on  entering  a  room,  that  they  ex- 
perience  a  sensation  of  draught  and  discomfort,  when  no  draught  ”  in 
the  accepted  sense  of  the  term  exists,  and  thus  a  valuable  system  is 
discredited.  In  U.S.A.,  the  air  is  scarcely  ever  humidified  in  their 
mechanically  ventilated  buildings,  though  great  diversity  of  opinion 
exists  on  the  point.  Some  professors  of  sanitation  consider  it  is  detri¬ 
mental  to  the  health  of  the  scholars  to  breathe  this  very  dry  air  for 
a  long  time,  say  three  hours  at  a  stretch,  and  then  to  pass  out  to  a  much 
lower  temperature  with  the  air  possibly  saturated  with  moisture, 
while  other  high  authorities  consider  this  to  be  advantageous.  She 
found  it  difficult  to  form  a  judgment  on  some  of  these  points  while  in 
the  States,  because  the  exceedingly  high  temperature  at  which  the 
rooms  are  kept  (never  less  than  70  degrees  F.)  is  so  different  from  the 
English  custom  that  a  certain  amount  of  adjustment  to  new  conditions 
was  necessary  in  order  to  make  any  observations  worth  recording. 

She  gained  the  impression  that  the  control  of  mechanically  ventilated 
schools  in  U.S.A.  is  more  generally  entrusted  to  skilled  engineers 
than  is  the  case  in  Great  Britain,  with  great  advantage.  Almost 
without  exception,  on  both  sides  of  the  Atlantic,  she  had  heard  objections 
raised,  by  the  teachers  employed  in  these  mechanically  ventilated 
buildings  to  these  methods  of  ventilation.  They  make  much  of 
the  disadvantages,  and  are  not  apparently  impressed  with  the  improved 
hygienic  conditions  they  should  obtain  from  them.  Complaints  are 
common  of  sensations  of  depression  and  of  feelings  of  exhaustion,  which 
should  certainly  not  be  the  case,  in  addition  to  the  constant  grumbling 
about  draughts.  She  did  not  know  whether  it  would  be  possible  to 
obtain  definite  information  from  teachers  over  a  wide  area,  in  order 
to  find  out  how  much  ground  there  is  for  this  prevalent  opinion.  She 
raised  the  point  because  she  was  surprised  to  hear  exactly  the  same 
objection  emphasised  in  almost  identical  terms  by  teachers  in  the 
States  as  by  those  in  England.  She  regretted  that  she  could  not  con¬ 
tribute  further  to  the  discussion  on  the  points  raised  by  Mr.  Shaw’s 
interesting  paper,  but  she  appeared  there  that  afternoon  rather  as  a 
seeker  after,  than  as  a  contributor  of,  information.  (Cheers.) 

Dr.  Glover  Lyon  thanked  the  Society  for  doing  him  the  honour  of 
asking  him  to  make  a  few  remarks.  He  felt  grateful  to  Mr.  Shaw  for 
.  digiug  forward  the  paper  in  the  manner  he  had  done,  partly  because 
it  was  \ery  thorough  and  partly  because  he  had  taken  different  lines 
from  himself  in  trying  to  solve  the  problems  of  ventilation.  He  would 
like  to  mention  one  or  two  things  which  he  deemed  of  the  greatest  im¬ 
portance.  One  good  feature  of  Dr.  Shaw’s  paper  was  the  way  he  disre¬ 
garded  trifling  things.  The  author  scarcely  mentioned  the  word 
diffusion,  and  he  was  perfectly  right,  for  in  regard  to  a  crowded  school¬ 
room  molecular  diffusion  can  be  neglected  entirely.  They  all  knew 
that  people  will  complain  of  a  draught  in  one  part 'of  a  crowded  room 
and  another  person  sitting  in  a  chair  a  little  way  off  would  complain  of 
being  suffocated.  Another  important  point  was  the  causes  of  air 
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vitiation.  These  were  the  loss  of  oxygen,  the  increase  of  carbonic  acid, 
the  increase  of  water,  the  increase  of  heat  and  also  the  appearance  of  sub¬ 
stances  we  do  not  know  what.  These  substances  have  no  name,  but  he 
had  suggested  one,  viz.,  spiro-toxins.  They  were  poisons,  and  they 
were  emitted  from  the  breath  through  the  mouth,  and  also  from 
the  skin.  Different  kinds  are  emitted  during  sleep  and  during 
waking  hours.  They  all  knew  the  peculiar  smell  of  a  stuffy  dormitory 
which  was  quite  different  from  the  smell  of  a  stuffy  day  room.  He  was 
inclined  to  think  the  smell  came  from  the  skin  chiefly  during  sleep,  and 
that  in  a  crowded  room  in  waking  hours  from  the  breath.  A  great  deal 
of  harm  was  done  in  talking  about  the  splendid  diffusing  power  of 
oxygen  while  people  were  being  poisoned  in  a  crowded  room  by  these 
spiro-toxins  which  had  an  active  depressing  effect  on  the  nervous  system. 
A  lady  faints  in  a  church ;  she  is  not  suffocated  or  asphyxiated,  as  is 
generally  supposed,  but  she  is  poisoned.  In  the  same  way  the  people 
in  the  Black  Hole  of  Calcutta  did  not  show  symptoms  of  suffocation, 
they  had  symptoms  of  fever,  that  is  that  although  the  air  was  extremely 
humid  they  suffered  the  most  dreadful  thirst,  and  became  maniacally 
delirious,  rushed  about  asking  the  jailors  to  kill  them,  and  so  forth. 
1  hat  did  not  seem  to  be  due  to  a  want  of  oxygen,  nor  was  it.  Carbonic 
acid  is  almost  harmless  up  to  a  certain  point.  Some  people  could  breathe 
carbonic  acid  up  to  five  per  cent.,  but  between  five  and  ten  per  cent, 
death  occurs.  This  fact  is  established  by  the  experience  in  soda  water 
manufactories.  Although  an  increase  of  humidity  in  the  air  would 
to  a  certain  extent  cause  discomfort  he  did  not  think  it  was  harmful ; 
he  would,  however,  call  attention  to  the  analogy  between  these  myster¬ 
ious  spiro-toxins  and  other  mysterious  substances  which  occurred  in 
disease,  for  instance,  in  renal  disease  a  patient  will  be  going  on  fairly 
well  and  all  at  once  will  become  comatose.  Exactly  the  same  sort  of 
thing  probably  happens.  Some  mysterious  unstable  compounds  are 
formed  and  poison  the  patient.  In  the  same  way  is  it  with  diabetes — 
sugar  in  the  blood — the  patient  will  be  allright  for  a  long  time,  but  one 
day  something  or  other  will  form,  and  the  person  becomes  comatose. 
There  is  an  analogy  between  the  two  kinds  of  substances  which  is  strik¬ 
ing.  One  of  the  chief  things  to  remember  about  spiro-toxins  is  that  they 
are  extremely  indiffusive.  Really  the  problem  of  a  crowded  room  is  to 
remove  the  spiro-toxins  and  nothing  else.  Let  them  do  that,  and 
they  need  not  bother  about  oxygen,  water  or  carbonic  acid.  The  next 
point  might  be  theoretical,  but  he  wanted  to  quarrel  with  Mr.  Shaw 
a  little  bit  in  regard  to  the  introduction,  of  the  analogy  of  electricity. 
He  did  not  think  that  the  electrical  analogy  was  at  all  requisite,  and  the 
electrical  diagram  was  rather  puzzling.  The  speaker  had  taken  different 
lines  in  trying  to  work  out  the  problem,  and  that  was  by  regarding  air 
just  as  ordinary  matter,  haying  inertia  and  momentum.  For  instance, 
most  people  would  be  surprised  to  find  that  the  air  in  that  room  weighed 
several  tons.  A  bullet  has  momentum,  it  is  stopped  by  a  target,  pressure 
is  produced.  In  the  same  way  if  air  is  thrown  along  and  stopped,  pressure 
is  produced.  The  air  is  then  thrown  out  on  all  sides.  Such  an  experiment 
gave  the  key  to  a  very  large  part  of  the  ventilation  problem,  momentum 
was  turned  into  pressure  and  pressure  turned  back  again  into  momentum. 
He  was  glad  to  find  Mr.  Shaw  had  not  said  much  about  natural  systems. 
With  regard  to  temperature  in  New  York  and  the  American  schools 
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there  air  was  kept  at  a  temperature  of  seventy,  and  one  reason  for  this 
was  that  it  is  much  easier  to  keep  air  in  a  crowded  room  at  seventy 
degrees  that  it  is  at  sixty.  Dr.  Glover  Lyon  then  proceeded  by  means 
of  some  simple  illustrations,  for  which  he  utilised  the  walls  of  the  room, 
to  describe  his  system  of  inlets  and  outlets,  a  complete  model  of  which 
with  electrical  fans  was  exhibited.  The  system  he  described  satisfied 
the  three  conditions  necessary  to  ventilation,  as  pointed  out  by  Mr. 
Shaw.  The  size  of  the  inlet  is  of  enormous  importance  from  the  dynami¬ 
cal  point  of  view,  and  if  they  had  large  inlets  they  must  have  large 
conduits,  and  the  same  with  the  outlets.  Secondly,  it  was  pointed  out 
that  diffusion  is  quite  inert  in  the  matter  of  crowded  rooms,  such  as 
schoolrooms,  so  that  the  distribution  of  inlets,  as  he  had  suggested, 
answered  that  point ;  and  thirdly,  they  wanted  to  have  the  ventilation 
without  draughts.  There  again,  the  only  way  to  get  rid  of  draughts 
is  to  have  large  inlets  and  outlets.  They  must  have  large  inlets  and 
many  of  them  if  they  wanted  to  escape  draughts.  Dr.  Glover  Lyon  then 
proceeded  to  still  further  explain  in  detail  his  system  of  ventilation, 
and  at  the  close  of  the  meeting  exhibited  his  apparatus.  In  concluding, 
he  said  that  after  many  years’  experience  he  could  endorse  Mr.  Shaw’s 
remarks  about  the  architects.  Sometimes  he  had  been  to  the  architect 
about  the  ventilation  of  the  building,  and  the  architect  had  replied 
that  that  question  would  come  later  on ;  and  the  next  time  he  had  seen 
him  and  mentioned  the  matter,  the  reply  was  “  Oh,  we  have  settled  all 
that.’’  There  never  appeared  to  be  a  right  moment  for  architects  to 
attend  to  ventilation. 

Mrs.  White  Wallis  said  that  it  would  be  useful  if  they  could  get 
some  further  information  on  the  difficult  matter  of  small  classroom 
ventilation.  It  should  not  be  a  difficult  problem  to  solve  for  classes 
which  were  only  required  to  hold  fifteen  or  sixteen  children.  Yet  with 
full  allowance  of  cubic  space  and  a  good  fire  burning,  it  seemed  a  difficult 
matter  to  many  teachers  to  properly  ventilate  a  room  with  fifteen  or 
sixteen  children  in  it  without  opening  the  windows  during  the  three- 
quarters  of  an  hour  of  attendance  in  the  classroom.  It  was  found  a 
difficult  matter  to  keep  the  air  constantly  fresh  and  at  the  same  time  the 
rooms  warmed  to  fifty  or  sixty  degrees.  In  America  it  was  customary,  as 
had  been  said,  to  keep  the  air  of  classrooms  at  seventy  degrees,  and  if 
the  temperature  fell  to  sixty  the  schools  were  closed  and  the  children 
dismissed ;  but  in  this  country  it  was  generally  considered  healthiest 
to  keep  classrooms  between  fifty  and  sixty  degrees.  The  medical 
officers  of  schools  in  England  had  not,  she  believed,  given  any  definite 
pronouncement  as  to  the  temperature  at  which  the  classrooms  should 
be  maintained,  or  stated  the  minimum  below  which  the  temperature 
should  not  fall,  to  secure  the  highest  amount  of  mental  activity.  Mrs. 
White  Wallis  questioned  Mr.  Shaw’s  definition  of  a  draught,  asking, 
was  it  quite  enough  to  define  draught  as  cold  air  perceived  in  a  vitiated 
atmosphere  ?  Supposing  the  air  in  a  room  was  pure  and  circulating 
freely  from  a  window  open  at  the  top,  and  a  fire  drawing  into  the  chimney 
from  that  and  other  similar  inlets,  and'  yet  a  window  was  open  at  the 
bottom  and  the  cold  air  allowed  to  fall  on  the  children  sitting  in  the 
room :  might  not  that  be  justifiably  called  a  draught  ?  In  the  open 
fresh  air,  Mr.  Shaw  said  draughts,  properly  so  called,  did  not  exist, 
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therefore  to  avoid  draught  let  them  keep  the  air  of  rooms  fresh.  But 
directly  we  confined  the  air  by  walls  we  changed  the  Conditions  of  outside 
ventilation  and  no  longer  had  open  air:  and  might  not  that  be  the  ex¬ 
planation  of  the  draughts  in  the  garden,  to  which  Mr.  Shaw  had  referred, 
where  the  confining  of  air  by  means  of  high  hedges  and  garden  walls 
caused  the  sensation  of  draught,  and  produced  the  difficulty  of  keeping 
plants  which  had  been  referred  to  ?  Besides,  was  it  not  a  little  dangerous 
to  say  the  perception  of  cold  air  formed  a  draught  because  what  we  needed 
was  to  get  rid  of  the  personal  thermometer  in  these  matters  as  much  as 
possible,  and  to  establish  some  health  law  that  might  be  acted  upon  by 
those  who  had  no  time  to  go  into  the  question  thoroughly,  and  this  in 
order  to  save  many  school  children  from  the  consequences  of  the  lack  of 
appreciation  of  what  ventilation  really  meant.  In  the  reaction  from 
the  close  confined  air  of  the  vitiated  atmosphere  of  crowded  classrooms 
and  in  the  desire  to  keep  the  air  pure  and  fresh,  teachers — even  those 
who  have  undergone  some  sort  of  training — were  apt  to  run  away  with 
the  idea  that  to  ventilate  a  classroom  properly  one  has  only  to  admit 
the  largest  possible  amount  of  fresh  air  regardless  of  rain  or  fog  and 
regardless  of  the  temperature  of  the  room  in  which  the  children  were 
sitting,  or  the  direction  of  the  incoming  air  upon  their  bodies.  The 
consequence  had  been,  within  her  own  experience,  that  many  children 
suffered  keenly  from  pleurisy  and  from  neuralgia,  and  the  cold  air  enter¬ 
ing  at  too  low  a  level  caused  inward  chills  which  affected  the  glandular 
system,  and  were  productive  of  great  harm.  She  would  be  very  glad  if 
teachers  could  get  some  definite  instructions  from  medical  officers  upon 
what  should  be  the  minimum  temperature  of  classrooms,  and  how  a 
fair  sized  classroom  for  fifteen  or  sixteen  children  might  be  provided 
with  fresh  air  other  than  by  mechanical  ventilation  or  open  windows. 

Dr.  Shelly  said  that,  in  his  excellent  paper,  Mr.  Shaw  had  brushed 
aside  mere  trivialities,  and  frankly  showed  them  the  exceedingly 
complex  character  of  the  problem  they  have  to  face,  the  difficulties 
they  have  to  contend  with,  the  manifold  way  in  which  those  difficulties 
interlace  ;  and  also,  if  he  might  use  a  word  coined  to  represent  a 
compound  of  futile  and  puerile,  the  putile  fashion  in  which  it  has 
often  been  attempted  to  deal  with  one  of  the  most  important  problems 
connected  with  the  erection  of  buildings  of  all  kinds.  It  was  not  too 
much  to  say,  for  instance,  that  the  very  last  thing  considered  in  the 
arrangement,  erection,  and  management  of  such  buildings  as  churches, 
chapels,  and  the  like,  is  the  bodily  health  of  the  congregation.  With 
regard  to  classrooms,  studies,  and  similar  rooms  apt  to  be 'occupied 
during  the  evening  hours,  they  were  confronted  very  often  with  this 
problem.  There  was  a  considerable  number  of  human  beings  in  an 
enclosed  space,  heated  by  artificial  light,  generally  by  gas  or  paraffin  ; 
and  if  they  used  Mr.  Shaw’s  steps  and  ascended,  they  would  find  the 
air  near  the  ceiling  top  so  foul  that  they  would  be  glad  to  come  down 
again.  Heated  and  irrespirable  air  accumulated  under  the  ceiling, 
and  the  question  was  what  became  of  it  ?  Now  a  very  large  proportion 
of  that  vitiated  air  finds  its  way  through  the  porous  plaster  of  the 
ceiling  into  the  room  above.  If  they  analysed  the  air  of  a  bedroom 
over  a  sitting-room  with  two  or  three  gas  burners  in  it,  and  compared 
the  analysis  with  that  of  the  air  of  a  bedroom  over  an  empty  room, 
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they  would  soon  realise  the  difference.  It  had  occurred  to  him,  and 
with  increasing  force  of  late  years,  that  a  desirable  arrangement  for 
schools  would  be  to  have  all  the  sleeping  rooms  on  the  ground  floor, 
and  the  classrooms  and  schoolrooms  on  the  floor  above.  With  such 
an  arrangement,  the  vitiated  air  of  the  classrooms  and  schoolrooms 
would  escape  at  night  without  injuring  the  sleepers,  and  the  dor¬ 
mitories  would  be  quite  free  from  the  impure  air  when  they  were 
required  to  be  used.  Again,  the  dormitories  would  easily  be  flushed 
with  fresh  air  throughout  the  daylight  hours,  while  schoolrooms, 
classrooms,  and  studies,  if  situated  on  the  first  floor,  would  have  all 
the  better  opportunities  of  getting  a  supply  of  sunshine  and  fresh 
air  during  the  hours  of  work,  and  that  air  would  be  of  a  better 
quality  because  obtained  at  a  higher  level.  The  question  of  fireplaces, 
and  the  part  played  by  them  in  ventilation,  was  a  very  interesting  one, 
and  he  would  not  have  ventured  to  touch  upon  it  but  for  the  fact 
that  the  adaptability  of  the  ordinary  open  grate  is  sometimes  neglected 
in  relation  to  the  better  ventilation  of  smaller  rooms.  Dr.  Shelly 
then  drew  a  diagram  upon  the  blackboard  showing  how  an  open  fire 
affects  the  ventilation  of  an  ordinary  room.  He  pointed  out  that  it 
was  chiefly  fresh  air,  drawn  in  from  chinks  in  the  doorway  and  in  the 
flooring,  &c.,  and  travelling  below  the  level  of  the  sitter’s  knees,  which 
was  used  for  securing  and  promoting  the  combustion  of  the  fire.  This 
stream  of  fresh  air  was  not  available  for  respiration,  but  it  produced 
chilling  “floor  draughts”;  and,  if  the  windows  were  closed,  currents 
of  cold  air  from  the  window  casings,  drawn  rapidly  and  directly  towards 
the  burning  fuel,  added  other  insistent  draughts  of  air,  relatively 
pure,  but  of  comparatively  little  use  for  respiratory  purposes.  The 
discomfort  thus  produced  often  led  to  such  chink  inlets  being  stopped 
up  (in  order  “  to  keep  out  the  draughts  ”),  and  then  the  chimney  was 
apt  to  smoke,  because  the  fuel  was  starved  of  the  oxygen  necessary  to 
its  combustion.  If  now  a  small  opening,  about  3  in.  x  3  in.  be  made 
in  the  hearth,  communicating  by  a  suitable  conduit  with  the  open  air, 
or  with  a  ventilated  cellar,  the  fire  burns  brightly,  and  the  floor  draughts 
are  abolished.  Moreover — and  here  comes  in  the  real  gain — windows 
and  ventilators  may  be  kept  open  without  discomfort,  because  the 
fresh  air  entering  by  these  inlets  now  does  so  at  a  rate  so  much  slower 
that  it  is  not  felt  as  an  insistent  draught,  and  has  greater  opportunities 
of  mingling  with,  and  healthily  diluting  the  mass  of  heated  and  rela¬ 
tively  foul  air  in  the  room.  So  that  the  occupants  are  led  to 
tolerate  a  cooler  and  purer  atmosphere,  and  an  important  step  is  taken 
in  their  hygienic  education  and  practice.  By  adopting  such  a  device, 
he  had  often  succeeded  in  not  only  curing  smoky  chimneys,  otherwise 
incurable,  but  had  also  been  able  to  insure  a  much  more  healthy  con¬ 
dition  for  occupants  of  rooms  previously  almost  uninhabitable  ;  and 
the  plan  was  one  worth  bearing  in  mind  when  dealing  with  the  ven¬ 
tilation  of  form  and  classrooms.  It  was  not,  of  course,  a  direct  means 
of  securing  the  proper  ventilation  of  a  room  ;  but  it  did  substitute 
for  uncomfortable  draughts  of  fresh  air  (flowing  at  too  low  a  level 
to  be  of  any  use  for  respiration)  a  condition  of  things  which  made 
possible  the  use  of  some  “  natural  ”  means  of  ventilation  without  in¬ 
curring  thereby  that  discomfort  which  so  often  led  to  these  means 
being  deliberately  abolished.  As  regards  draughts,  there  was  much 


aptness  in  Mr.  Shaw’s  definition,  because  it  is  just  under  tnose  con¬ 
ditions  in  which  we  breathe  vitiated  air  that  our  poisoned  nervous 
system  becomes  peculiarly  susceptible  to  the  sensation  of  chilliness, 
and  our  bodies  specially  prone  to  suffer  from  the  effects  of  chill.  He 
desired  to  express  his  great  personal  indebtedness  to  Mr.  Shaw  and  other 
speakers  for  their  remarks  that  afternoon. 


The  President,  in  summing  up  the  debate,  said  they  had  learnt  a 
great  deal  that  afternoon  from  Mr.  Shaw’s  paper,  and  from  the  various 
speeches  of  the  ladies  and  gentlemen  who  had  favoured  them  with  their 
views.  He  was  very  glad  indeed  to  hear  from  Mr.  Shaw  that  he  gave 
a  certain  amount  of  praise  to  what  is  called  the  “  happy-go-lucky 
system.”  That  was  practically  the  only  system  with  which  he  had  any 
familiar  acquaintance.  Although  it  was  a  very  long  time  ago,  he 
was  quite  certain  that  it  was  the  “  happy-go-lucky  system  ”  which 
was  in  vogue  in  the  public  school  he  was  at,  and  certainly  in  that 
particular  sj^stem  it  acted  very  well.  The  health  of  the  boys  was 
exceedingly  good,  and  no  doubt  the  explanation  was  that  given  in  the 
debate,  that  it  was  new  blood.  Although  he  could  not  tell  the  exact 
amount,  the  allowance  of  cubic  space  was  excellent,  and  the  consequence 
was  that  the  boys  got  along  very  well.  One  question  of  an  allied 
character  had  not  been  touched  upon.  He  thought  that  the  great 
question  in  regard'to  the  question  of  ventilation  was  that  of  warmth. 
If  they  could  get  the  air  sufficiently  warm,  the  draughts  would  cease  to 
be. 

Mr.  Shaw,  in  replying  to  the  various  points  which  had  been  raised, 
said  in  reference  to  Dr.  Childs’  suggestion  as  to  cubic  space  he  had 
already  dealt  with  the  matter  in  a  published  report  on  the  Ventilation 
of  Poor  Law  Schools.  It  seemed  to  him  that  the  proper  way  was  to 
treat  cubic  space  from  the  point  of  view  of  ventilation.  The  ordinary 
practice  was  to  measure  the  room,  and  supposing  it  contained  1,000 
cubic  feet,  to  say  that  therefore  there  was  accommodation  for  so  many 
persons  ;  but  they  might  come  across  cases  of  rooms  with  ample 
accommodation  as  estimated  by  this  method  where  they  ought  to  con¬ 
clude  that  there  was  really  no  accommodation  for  anyone  at  all,  because 
there  was  no  provision  for  ventilation.  The  number  of  persons  that 
could  be  accommodated  in  a  room  of  one  thousand  cubic  feet  depended 
entirely  on  the  amount  of  air  which  could  be  supplied  continuously  to 
the  room  and  taken  out  again.  It  seemed  to  him  the  proper  way  to 
deal  with  the  question  was  to  go  into  the  room  and,  supposing  there  was 
a  provision  of  10,000  cubic  feet  of  air  per  hour,  to  say  that  the  room 
would  therefore  accommodate  three  persons,  assuming  that  each  person 
took  as  his  allowance  about  3,000  cubic  feet  per  hour.  If  they  were 
to  adopt  that  mode  of  dealing  with  the  allowance  of  cubic  space  they 
would  find  the  actual  cubic  space  would  work  out  large  enough,  because 
it  was  rather  difficult  to  supply  a  sufficient  amount  of  air  for  ventilation 
on  that  large  scale  ;  and  if  they  had  a  provision  of  3,000  cubic  feet  of  air 
per  hour  for  each  person  they  might  be  quite  sure  that  the  dimensions 
of  the  room  would  be  considerable.  The  proper  way,  then,  was  to  go 
into  the  room  and  measure  how  much  air  was  supplied,  settling  for 
themselves  whether  they,  wished  to  allow  1,000  or  3,000  cubic  feet 


per  hour  for  each  person.  Opinions  might  differ  upon  that,  ancl  opin¬ 
ions  might  therefore  differ  as  to  the  effective  capacity  of  a  room,  but 
having  arrived  at  this  conclusion  on  the  basis  of  the  volume  of  air 
supplied,  let  the  medical  officer  license  the  room  for  so  many  persons. 
He  was  quite  sure  that  on  this  basis  they  would  find  it  difficult  to 
license  a  room  for  the  number  of  scholars  that  school  masters,  generally 
speaking,  desired  to  put  into  it. 

W  ith  regard  to  Miss  Ravenhill’s  remark  as  to  currents  and  draughts 
undei  the  plenum  system,  he  had  not  noticed  with  the  plenum  system 
any  special  provision  for  avoiding  the  effect  of  cold  windows  in  producing 
draughts.  Cold  window  surfaces  were  productive  of  a  considerable 
amount  of  definite  draught,  and  he  presumed  the  Plenum  system 
required  to  be  modified  to  take  account  of  that  in  order  to  avoid  what  is 
obviously  a  source  of  difficulty  in  a  country  where  you  might  have  the 
thermometer  in  the  outside  air  somewhere  in  the  neighbourhood  of 
the  zero  point  for  a  considerable  time.  Miss  Ravenhill  also  spoke 
about  the  dryness  of  the  air  ;  he  was  not  aware  that  there  were  any 
sufficient  observations  or  statistics  about  the  alleged  deleterious  effect  of 
the  dryness  of  the  air.  He  thought  that  was  a  matter  for  medical  officers 
of  health  to  determine.  His  own  impression  was  that  dry  air  was  not 
imcomfoi  table,  and  it  was  only  dry  air  indoors  that  had  the  reputation 
of  being  extremely  disagreeable.  With  dry  mountain  air  nothing 
disagreeable  was  experienced,  and  no  one  complained  of  its  dryness. 
Extreme  dryness  of  air  was  generally  regarded  out  of  doors  as  brisk 
and  exhilarating,  and  not  as  pernicious.  He  was  not  at  all  sure  that 
the  surfaces  over  which  the  air  passed  in  being  warmed  might  not 
account  foi  the  objection  to  the  warm  air  in  buildings  on  the  ground 
of  its  dryness.  Saturation  was  effected  by  the  body,  that  is  to  say, 
the  air  in  passing  into  the  body  was  presumably  saturated  by  the 
moisture  of  the  passages.  Cold  air  being  inhaled  had  to  be  both 
warmed  and  saturated  ;  if  previously  warmed,  less  heat  but  the  same 
amount  of  moisture  would  have  to  be  taken  from  the  body.  As  to 
the  feeling  of  depression  and  exhaustion  spoken  of  by  Miss  Ravenhill 
m  referring  to  the  plenum  system,  he  would  put  a  suggestion  to  the 
members.  The  human  body  did  not  like  absolute  uniformity.  If  the 
plenum  system  was  worked  up  to  its  ideals,  it  gave  air  always  at  the 
same  temperature,  the  same  degree  of  moisture,  and  of  the  same  com¬ 
position.  That  is  to  say,  the  system  put  them  in  the  position  of  being 
supplied  with  absolute  uniformity.  Now  medical  men  ought  to 
know  about  these  things  ;  he  did  not  know,  but  it  seemed  to  him  that 
the  human  body  liked  change,  and  was  not  disposed  to  accept  a  per¬ 
sistent  supply  even  of  a  good  thing.  Sometimes  it  liked  the  air  to  be 
colder,  sometimes  warmer.  Sometimes  one  liked  to  have  a  room 
down  to  50  and  sometimes  up  to  70,  and  when  they  were  obliged  to 
la\e  it  always  at  the  same  temperature,  then  there  might  be  some  com¬ 
plaint  owing  to  the  persistent  uniformity  of  the  conditions.  For  that 
reason,  he  thought  arrangements  should  be  made  to  have  the  pressure 
m  a  room  neither  above  nor  below  that  of  the  external  air,  so  that 
v  widows  might  be  opened  at  will  without  causing  interference 
with  the  ventilation  of  the  whole  building ;  there  should  be 
neither  plenum  nor  vacuum  in  the  ventilated  space.  Such  a 
system  lie  had  been  accustomed  to  call  a  zero  potential  system  for 


reasons  based  upon  the  electrical  analogy  which  he  would  not  stop 
to  explain. 

Dr.  Lyon  had  suggested  that  the  electrical  analogy  was  not  appro¬ 
priate.  He  thought  Dr.  Lyon  had  in  mind  more  particularly  the 
currents  of  air  in  the  ventilated  space.  The  analogy  was  more  specially 
applicable  when  a  number  of  connected  rooms  was  under  consideration. 
The  other  day  he  had  been  called  upon  to  advise  upon  plans  for  the 
ventilation  of  the  out-patient  department  of  a  very  large  hospital. 
There  were,  perhaps,  some  300  rooms  on  three  floors,  with  windows, 
air  gratings,  doors,  passages,  corridors,  staircases  and  lifts.  It  was  a 
difficult  problem,  and  the  probable  mode  of  working  of  the  system 
was  unintelligible  to  him  until  the  possible  circuits  of  air  currents 
had  been  marked  down  in  order  that  some  sort  of  picture  could  be 
formed  of  them  ;  no  doubt  it  was  an  extremely  complicated  one,  but 
it  was  a  picture  from  which  one  could  get  a  definite  idea  of  the  way 
things  would  act,  even  in  a  complicated  plan.  The  analysis  of  the 
ventilation  of  an  elaborate  building  was  a  most  complicated  problem, 
and  he  did  not  believe  its  solution  was  possible  with  any  degree  of 
accuracy  or  satisfaction,  unless  some  sort  of  picture  was  obtained 
more  simple  than  the  architect’s  plans  with  all  the  architectural  de¬ 
tails.  It  was  for  that  reason  that  he  had  used  the  electrical  analogy 
for  the  purpose  of  describing  something  which  otherwise  it  was  almost 
impossible  to  describe. 

Mrs.  White  Wallis  had  demurred  to  his  definition  of  a  draught, 
but  he  did  not  mind  that  in  the  least,  for  he  did  not  attach  any  final 
importance  to  his  definition.  What  he  wanted  to  point  out  was  that 
in  his  experience  cold  air  could  injure  him  in  two  or  three  ways,  and 
so  produce  different  kinds  of  disease.  He  thought  there  ought  to  be 
some  practical  definition  for  practical  ventilators,  some  distinction 
between  currents  of  air  that  were  associated  with  poisonous  conditions 
and  currents  of  fresh  air  that  simply  reduced  temperature,  such  as  are 
felt  in  the  open  air.  It  was  for  that  reason  that  he  had  limited  the 
definition  of  a  draught  to  the  perception  of  cold  air  in  an  unventilated 
or  badly  ventilated  space.  Probably  the  physiological  effects  under 
the  circumstances  differed.  There  was  another  effect  of  cold  air  in 
an  enclosed  space,  to  which  he  had  not  referred  ;  that  is  to  say,  one 
part  of  the  body  might  be  kept  persistently  cold,  while  another  part 
would  be  warm.  He  did  not  know  how  the  human  body  accommo¬ 
dated  itself  to  this  state  of  things,  but,  at  the  same  time,  he  thought 
there  was  a  marked  distinction  between  the  effect  of  a  draught  in  an 
ill-ventilated  space  and  the  effect  produced  by  an  air  current  out  of 
doors.  Whether  to  the  latter  the  term  draught  ought  to  be  applied 
he  could  not  undertake  to  say.  Mrs.  Wallis  also  asked  a  question  with 
regard  to  the  ventilation  of  classrooms  occupied  by  fifteen  people  when 
there  was  no  means  of  warming  the  entering  air.  He  was  afraid  that 
was  a  very  difficult  thing  ;  in  fact,  to  accomplish  that  was  next  door 
to  the  impossible.  A  classroom  for  fifteen  persons  should  be  provided 
with  some  40,000  cubic  feet  of  air  per  hour  ;  to  maintain  the  requisite 
supply  of  air,  the  up  draught  of  three  ordinary  chimneys  would  be 
required.  He  knew  no  means  of  introducing  40,000  cubic  feet  of 
cold  air  into  a  room  of  moderate  size  and  disposing  of  it  in  such  a  way 
that  the  room  would  be  comfortable  for  those  persons  who  were  liable 


to  feel  cold.  With  regard  to  Dr.  Shelly’s  illustration,  he  was  reluctant 
to  allow  some  1,000  cubic  feet  per  hour  of  good  fresh  air  to  be  sent 
up  the  chimney  without  affecting  the  room  at  all.  He  would  prefer 
some  plan  by  which  the  air  could  be  warmed  and  utilised  for  the  pur¬ 
poses  of  ventilation. 

A  hearty  vote  of  thanks  was  then  accorded  to  Mr.  Shaw  for  his  paper, 
and  the  proceedings  terminated. 


